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and lead nitrate in the ratio 1:1:1. After 12 
h of exposure 0, 10 and 100% mortalities 
were recorded in 10, 100 and 1000 ppm, 
respectively. 75,100,115,135 and 210 ppm 
concentrations were selected for the bioas-
say based on APHA A WW A - WPCA 
(1976). 
The range finding bioassay as well as 
the main bioassay experiments were 
conducted in 40 I fibre glass tanks holding 
35 I of dilution water and toxicants. The 
water quality was similar to that main-
tained in acclimatization tank~. No feed 
was given to the animals during the 
bioassay experiments. All the tanks were 
aerated and no change of water was done 
during the test period (Reish & Oshida, 
1987). 
Each bioassay consisted a series of 5 
test concentrations and a control, in dupli-
cate. Twenty animals were exposed to 
each concentration and control. The 
cumulative percentage of death of every 
12, 24,48,72 and 96 h was noted. The data 
were processed graphically as well as 
mathematically using probit analysis (Reish 
& Oshida, 1987; Mohapatra & Noble, 1991; 
Mohapatra & Renagarajan, MS) for deter-
mination of LCso and 95% fiducial limits (upper and lower). The median lethal 
concentrations and the 95% fiducial limits 
for each concentrations were plotted against 
time on nomograph paper to obtain the 
toxicity curve. 
The availability of Cu, Zn and Pb from 
CuS04.5HP, ZnS04·7H20 and Pb (N03h 
were calculated using the formula (Reish & 
Oshida, 1987) and joint toxicity was deter-
mined as suggested by Brown (1968) and 
Sprague (1970). 
1 g of CuS04.5HP, ZnS04.7Hp and 
Pb(N03h contain 0.2545, 0.2274 and 0.6256 
g of Cu, Zn and Pb, respectively. The ratio 
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1:1:1 of CuS04.5H20 : ZnS04.7H20 : 
Pb(N03)2 became 23:20:57 in converting to 
elementary form i.e., Cu:Zn:Pb. 
Toxic units = Actual concentration in solution 
Lethal threshold concentration 
As suggested by Ward & Parish (1982) 
the 96 h LCso was substituted as equivalent 
to lethal threshold concentration for calcu-
lation. 
Table 1. Toxicity of copper sulphate, zinc sulphate 
and lead nitrate combination in the ratio 
1:1:1 to Liza parsiq 
Exposure LCso' 95% Fiducial limits 
period, ppm Upper, Lower, 
h ppm . ppm 
12 160.5 180.6 142.6 
24 152.2 188.4 122.9 
48 135.6 160.0 114.9 
72 117.1 128.8 106.5 
96 106.7 118.6 95.9 
The results of acute toxicity studies 
expressed in terms of LC50 values along 
with its fiducial limits obtained from probit 
analysis are given in Table 1. The 12, 24, 
48, 72 and 96 h LCso values calculated for 
elementary Cu, Zn and Pb at a ratio of 
23:20:57 were 59.3, 56.1, 50.1, 43.2 and 39.5 
ppm, respectively. 
Table 2. Toxic units of compounds and their 
elements calculated from 96 h LCso 
96 h LCso Toxic Unit 
ppm 
Copper sulphate 85.6>1- 0.4155 
Zinc sulphate 60.3' 0.5899 
Lead nitrate 103.5>1- 0.3437 
Copper 21.8+>1- 0.4155 
Zinc 13.7** 0.5899 
Lead 64.7** 0.3437 
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The median lethal concentra lions 
(LCso) decreased gradually with the in-
crease in exposure time. The toxic units of 
the toxic metals calculated from the 96 h 
LCso of 1:1:1 combination (106.7 ppm, 
individual contribution = 35.57 ppm) is 
given Table 2. 
The sum of toxic units i.e., 
0.4155+0.5898+0.3436 = 1.3489 was found 
to be greater than unity. The synergism of 
copper and zinc to aquatic organisms is 
given by Waldichuk (1974) Pant et al. (1980) 
and Hilmy et af. (1987). The toxicity of 
these compounds is said to be "additive" 
in nature (Laws, 1981). 
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